Background: The present study evaluated the efficacy of a combination of ibandronate and cholecalciferol on the restoration of the levels of 25-hydroxyvitamin D (25[OH]D) and various bone markers in postmenopausal women with osteoporosis. Methods: This was a randomized, double-blind, active-controlled, prospective 16-week clinical trial conducted in 20 different hospitals. A total of 201 postmenopausal women with osteoporosis were assigned randomly to one of two groups: the IBN group, which received a once-monthly pill containing 150 mg ibandronate (n=99), or the IBN+ group, which received a once-monthly pill containing 150 mg ibandronate and 24,000 IU cholecalciferol (n=102). Serum levels of 25(OH)D, parathyroid hormone (PTH), and various bone markers were assessed at baseline and at the end of a 16-week treatment period. Results: After 16 weeks of treatment, the mean serum levels of 25(OH)D significantly increased from 21.0 to 25.3 ng/mL in the IBN+ group but significantly decreased from 20.6 to 17.4 ng/mL in the IBN group. Additionally, both groups exhibited significant increases in mean serum levels of PTH but significant decreases in serum levels of bone-specific alkaline phosphatase and C-telopeptide of type 1 collagen (CTX) at 16 weeks; no significant differences were observed between the groups. However, in subjects with a vitamin D deficiency, IBN+ treatment resulted in a significant decrease in serum CTX levels compared with IBN treatment.
INTRODUCTION
Although bisphosphonates are potent antiresorptive drugs and the most widely prescribed pharmacotherapy for the treatment of osteoporosis, the persistence and compliance rates of patients taking bisphosphonates are suboptimal [1] . This is likely because the use of bisphosphonates require the patient to fast overnight, take the pill with a full glass of water, and sit or stand upright for 30 minutes prior to having their first meal or drink of the day. Moreover, there is a high prevalence of osteoporosis in the elderly population, and these patients are more likely to have coexisting cognitive dysfunctions or take multiple drugs to combat other diseases [2] . Therefore, the poor adherence rates for bisphosphonates are likely due to the complexities and side effects of these medications, which include gastrointestinal problems. It is possible that a reduction in the dosing frequency of oral bisphosphonates may improve patient compliance and persistence.
An adequate intake of vitamin D is crucial for the achievements of optimal calcium metabolism, bone mineralization, and skeletal health in patients with osteoporosis. A vitamin D insufficiency increases serum levels of parathyroid hormone (PTH), activates osteoclasts, and reduces bone mineralization, which in turn lead to aggravation of osteoporosis or the development of osteomalacia [3] . Vitamin D deficiencies are a common affliction among postmenopausal women worldwide but especially among the Korean population, which has the lowest mean serum 25-hydroxyvitamin D (25[OH]D) levels in the world [4] . To improve vitamin D status, a combination of calcium and vitamin D supplements is often prescribed, but many patients do not tolerate this mixture very well [5] , and calcium-related adverse effects, such as gastrointestinal irritation, flatulence, and constipation, are often experienced.
Therefore, two strategies have been developed to overcome the low compliance rates for bisphosphonates and the high rates of vitamin D deficiency: (1) less frequent dosing intervals for bisphosphonates and (2) the administration of bisphosphonate and vitamin D in a combined form. The present study is the first clinical trial of a single, once-monthly pill that contains ibandronate (150 mg) and cholecalciferol (24,000 IU). This study was designed to evaluate the efficacy of this combination pill on the restoration of 25(OH)D and bone marker levels in postmenopausal women with osteoporosis. Additionally, the present study assessed the safety of this medication.
METHODS

Study design
The present study was a multicenter, randomized, double-blind, active-controlled, prospective 16-week clinical trial conducted between December 2011 and September 2012 at 20 different hospitals in Korea. All subjects were postmenopausal females 40 years of age or older. Patients qualified for inclusion if they had a bone mineral density (BMD) T-score of -2.5 or lower for the mean lumbar spine, femoral neck, or total; or a T-score of -1.0 or lower with an osteoporotic fracture of at least one vertebra. At least 3 months prior to screening, all BMD measurements were obtained using dual energy X-ray absorptiometry.
Menopause was defined based on the presence of at least one of the following criteria: (1) the spontaneous discontinuation of menstruation for at least 12 months; (2) having a serum folliclestimulating hormone level above 40 IU/L with a history of hysterectomy or with no menstruation for 6 to 12 months; or (3) the absence of menstruation for a duration longer than 6 weeks after Copyright © 2015 Korean Endocrine Society a bilateral oophorectomy. Patients with abnormal thyroid function, a history of malignancy, uncontrolled hypercalcemia, or hypocalcemia, chronic diseases known to affect bone metabolism (such as chronic liver disease, chronic alcoholism, and primary hyperparathyroidism), contraindications to oral bisphosphonates (such as esophageal strictures, gastrointestinal malabsorption, and renal insufficiency), and/or 25(OH)D levels less than 9 ng/mL were excluded from the study. Additionally, those patients taking agents known to affect bone or calcium metabolism, with metabolic bone diseases other than osteoporosis, taking more than 200 IU vitamin D per day in the 3 months prior to screening, and who had taken bisphosphonates with an insufficient washout period were also excluded from the study. Inappropriate washout periods were defined as follows: having been administered intravenous bisphosphonates within the 2 years before screening, a period of less than 2 months for patients who had taken oral bisphosphonates for less than 2 weeks, a period less than 6 months for patients who had taken oral bisphosphonates for more than 2 weeks but less than 8 weeks, a period less than 1 year for people who had taken oral bisphosphonates for more than 8 weeks but less than 48 weeks, and a period less than 2 years for people who had taken oral bisphosphonates for more than 48 weeks. Institutional Review Board approval was obtained from all participating hospitals, and all participants provided written informed consent.
All patients were assigned randomly to one of two groups: the IBN group, which received a once-monthly pill containing 150 mg ibandronate (n=99), or the IBN+ group, which received a once-monthly pill containing 150 mg ibandronate and 24,000 IU cholecalciferol (n=102). All patients were instructed to take their assigned pill in the morning after an overnight fast, to stay upright for at least 1 hour after taking the pill, and not to ingest any food, beverages (except water), or other medications for at least 1 hour. All patients were instructed to take one pill every 4 weeks over a 16-week period (four doses at 0, 4, 8, and 12 weeks from the first dose) and received a daily supplement of 500 mg elemental calcium. The patients were not allowed to take any additional vitamin D supplements, and all were provided with a topical sunblock cream to avoid exposure to sunlight. Additionally, the patients were provided with acetaminophen to treat any influenza-like illnesses or pain that may have occurred with the treatment, based on need.
Evaluations of efficacy and safety
The primary endpoint in the present study was defined as the change in 25(OH)D levels from baseline to 16 weeks of treatment. The levels of 25(OH)D were measured using a radioimmunoassay (DIAsource ImmunoAssays, Louvain-la-Neuve, Belgium) with an intra-assay coefficient of variation (CV) of 7.3% to 8.8% and an interassay CV of 7.2% to 7.3%. The secondary endpoints were defined as parameters of efficacy, including changes in PTH levels as measured by an electrochemiluminescence immunoassay (Roche Ltd., Mannheim, Germany; intra-assay CV of 1.1% to 2.0% and interassay CV of 2.5% to 3.4%), changes in bone-specific alkaline phosphatase (BSAP) levels as measured by an enzyme immunoassay (QUIDEL Corp., San Diego, CA, USA; intra-assay CV of 3.9% to 5.8% and interassay CV of 5.0% to 7.6%), changes in C-telopeptide of type 1 collagen (CTX) levels as measured by an electrochemiluminescence immunoassay (Roche Ltd.; intra-assay CV of 1.0% to 5.5% and interassay CV of 2.7% to 7.6%), and changes in serum calcium and phosphorus levels at 16 weeks of treatment.
The IBN and IBN+ groups were each classified into three subgroups according to baseline 25(OH)D levels: (1) The safety of the treatments was monitored using patient reports of all adverse clinical events and laboratory experiences and the use of any non-study medications during the treatment period. Adverse events could be reported in person at the 8-and 16-week visits or by phone at any time throughout the study.
Statistical analysis
All analyses were performed on an intention-to-treat basis. The efficacy analyses were conducted using only patients who took at least one dose of the study medication and for whom at least one efficacy parameter was measured after randomization. To compare differences between the treatment groups, either a t test or the Wilcoxon rank sum test and the chi-square test or the Fisher exact test were used, depending on the distribution of the data. Likewise, either a paired t test or the Wilcoxon signed-rank test was used to compare pretreatment and posttreatment data within a group based on the distribution. Safety analyses were conducted for all patients who took at least one dose of the study medi- 
RESULTS
Baseline characteristics of the patients
A total of 201 patients were enrolled in the present study, of whom 102 were assigned to the IBN+ group and 99 to the IBN group. The dispositions of the participants are detailed in Fig. 1 . All participants were female, and no significant differences were observed in the baseline characteristics between the two groups ( Table 1) . At baseline, the percentages of patients with serum 25(OH)D levels <20 ng/mL were 53.1% in the IBN+ group and 60.0% in the IBN group.
Efficacies of the treatments
In the IBN+ group, the mean serum level of 25(OH)D exhibited a significant increase after 16 weeks of treatment (baseline, 21.0±10.4 ng/mL; 8 weeks, 24.8±9.00 ng/mL; and 16 weeks, 25.3±9.9 ng/mL; P<0.05), while that in the IBN group significantly decreased (baseline, 20.6±9.3 ng/mL; 8 weeks, 18.3± 7.4 ng/mL; and 16 weeks, 17.4±9.2 ng/mL; P<0.001) (Fig. 2) . The changes in the distribution of patients according to 25(OH) D levels after 16 weeks of treatment are shown in Fig. 3 . The proportion of patients with a 25(OH)D level >20 ng/mL after 16 weeks of treatment increased from 46.9% to 63.5% in the IBN+ group but decreased from 40.0% to 26.3% in the IBN group. Moreover, after 16 weeks of treatment, no patients in the IBN+ group exhibited a 25(OH)D level <10 ng/mL while 4.2% of patients in the IBN group did.
Compared with baseline, the CTX and BSAP levels exhibited a significant decrease after 16 weeks of treatment in both groups but with no significant differences between the two groups. The level of PTH significantly increased in both groups after 16 weeks of treatment, but no significant differences were observed between the two groups. Additionally, there were significant decreases in the serum calcium and phosphorous levels Fig. 1 . Randomization scheme and patient disposition. IBN+, the group which received a once-monthly pill containing 150 mg ibandronate and 24,000 IU cholecalciferol; IBN, the group which received a once-monthly pill containing 150 mg ibandronate. in both groups after 16 weeks of treatment but with no significant between-group differences ( Table 2) . The IBN+ and IBN groups were each divided into three subgroups based on baseline 25(OH)D levels, and the changes in these levels after 16 weeks of treatment from baseline were assessed for each subgroup. Within the IBN+ group, there were significant increases in 25(OH)D levels in the vitamin D-deficient and moderately vitamin D-deficient subgroups, but no changes were observed in the vitamin D-sufficient subgroup. Within the IBN group, there were no significant changes in 
DISCUSSION
In the present study, female patients with postmenopausal osteoporosis who took a single once-monthly pill containing both ibandronate (150 mg) and cholecalciferol (24,000 IU) exhibited a significant increase in serum 25(OH)D levels after 16 weeks of treatment. Moreover, there was a significant increase in the proportion of patients with sufficient vitamin D levels (≥ 20 ng/mL), and none of the patients exhibited a vitamin D deficiency (<10 ng/mL) after 16 weeks of treatment. The nature of optimal vitamin D status remains controversial. The Endocrine Society defines the lower limit of the normal range as a 25(OH)D concentration of 30 ng/mL [6] , while the Institute of Medicine considers 20 ng/mL as the lower limit of the normal range [7] . In Korea, widespread vitamin D deficiency exists, even when the more liberal definition of the lower limit of the normal range (20 ng/mL) is applied [4, 8] . The high prevalence of vitamin D deficiency in Korea may be due to behavioral factors, such as an indoor lifestyle, the use of sunscreen, and the low consumption of vitamin D-fortified foods Copyright © 2015 Korean Endocrine Society [9] . In fact, in the present study, the IBN group exhibited a decrease in mean serum 25(OH)D levels, which may be due to the study requirements of direct sunlight avoidance and sunscreen use and the restrictions regarding use of other vitamin D supplements. Therefore, supplementation with an adequate amount of vitamin D is essential for the optimal treatment of osteoporosis. Several expert societies, including the Korean Society for Bone and Mineral Research, suggest that adults 50 years of age and older should supplement with 800 to 1,000 IU of vitamin D per day [6, 10, 11] . Based on this recommendation, a majority of studies have investigated the efficacies of regimens using daily combination pills containing 800 to 1,000 IU vitamin D and a bisphosphonate for the treatment of osteoporosis. For example, a once-weekly pill containing risedronate (35 mg) and cholecalciferol (5,600 IU) increased the mean serum 25(OH)D levels of subjects by 12.3 ng/mL after a 16-week treatment course [9] . In the present study, a single once-monthly pill containing ibandronate (150 mg) and cholecalciferol (24,000 IU) increased the mean serum 25(OH)D levels of patients by 4.2 ng/mL after a 16-week treatment period. Taken together, these results demonstrate that a weekly dose of 5,600 IU cholecalciferol caused a greater increase in mean serum 25(OH)D levels than did a monthly dose of 24,000 IU cholecalciferol, even though both drugs provide an equivalent 800 IU dose of vitamin D per day. Shorter dosing intervals are more effective in raising the serum concentrations of 25(OH)D than are longer intervals [12] , but this finding is difficult to interpret because this particular study did not directly compare such treatment groups.
In the present study, the increase of serum 25(OH)D levels was most striking in patients who had low serum vitamin D levels prior to treatment (baseline 25(OH)D, <20 ng/mL). On the other hand, the serum 25(OH)D levels of patients with sufficient levels at baseline (25[OH]D, ≥20 ng/mL) did not increase. This suggests a low risk of vitamin D intoxication when taking a monthly treatment regimen of 24,000 IU cholecalciferol. In fact, vitamin D doses of up to 4,000 IU per day and 50,000 IU per week have been administered to patients without any adverse toxic effects [13, 14] . Similarly, there were no side effects associated with excessive vitamin D supplementation, such as hypercalcemia or hyperphosphatemia, observed in the present study.
Bisphosphonate therapy increases the PTH levels of osteoporosis patients via a subclinical decrease in serum calcium levels caused by an inhibition in bone resorption [15] . The present study found that, although there were significant increases in the PTH levels in both treatment groups (but no significant between-group differences), this change was smaller in the IBN+ group than the IBN group. It is possible that treatment with a bisphosphonate in combination with vitamin D increases intestinal calcium absorption, which in turn, results in a slight decrease in PTH levels.
Although changes in BMD were not measured in the present study, there were significant decreases in the levels of representative bone turnover markers in both treatment groups after 16 weeks of treatment. An earlier decrease in bone turnover markers is related to long-term increases in BMD in patients treated with bisphosphonates [16] . The present study also found a significant decrease in the CTX levels of IBN+ patients with a vitamin D deficiency, but not in vitamin D-deficient IBN patients. Thus, ibandronate and cholecalciferol combination therapy reduced CTX levels in subjects with a vitamin D deficiency more effectively than did ibandronate-only therapy. Corrections in vitamin D status are an important component in the treatment of osteoporosis patients, and vitamin D supplementation is an easily modifiable treatment modality that can drive a favorable bisphosphonate response [17] .
The present study had several limitations. First, 25(OH)D levels in the present study may have been affected by seasonal variations, in that they tend to be low in late winter or spring and to peak in autumn [18] , as a result of seasonal variations in the amount of sunlight; the present study was conducted from winter to autumn. However, all patients in the present study were provided with a topical sunblock cream to minimize the effects of sunlight exposure. Additionally, there were no differences in the season when patients were enrolled in the both treatments. Second, the duration of the treatment period (16 weeks) was too short to properly assess changes in BMD and the related risk of fracture. Future studies evaluating the longterm efficacy and safety of potential treatments for osteoporosis are crucial for the identification and characterization of novel approaches. Third, the present study did not address concerns regarding patient compliance with the treatment regimen. There has been a recent increase in concern regarding the cardiovascular risks associated with calcium supplementation regimens [19] . The American Society for Bone and Mineral Research recommend that calcium-containing foods are the best source of calcium intake and that supplementation should occur only in cases of deficient dietary calcium intake [20] . Therefore, if a patient is using food as their primary source of calcium intake while taking a bisphosphonate-vitamin D combination pill, then this convenient option may improve compliance in osteoporosis treatments.
The present study demonstrated that combination therapy of ibandronate and cholecalciferol was highly efficacious in increasing the 25(OH)D serum levels in patients with osteoporosis and in mediating an early decrease in bone markers in vitamin D-deficient osteoporosis patients. Therefore, a combination pill containing both ibandronate and cholecalciferol may be useful for the treatment of osteoporosis in postmenopausal women with vitamin D deficiency.
In patients with postmenopausal osteoporosis, a oncemonthly pill of ibandronate and cholecalciferol appears to be a promising and efficacious treatment regimen with antiresorptive effects that can aid in the maintenance of optimal vitamin D status without any adverse events.
CONFLICTS OF INTEREST
This study was supported by Dreampharma Corp., of Seoul, Korea.
